Abstract. Magnesium contents of soybean (Glycine max) roots increase and the K and Ca contents decrease with increased MgCl., ooncentrations in ambient solutions. The Mg uptake is inhibited when both Ca and K are present in the solution, but not by K or Ca alone.
Salt uptake by plants involves interactions between the major nutrient cations. K+, Ca2', and Mg2', as well as Na and H+ under experimental and natuiral conditions. Predominant attention has been focused on the singly charged cations, K+ and Na', and to a lesser extent, effects of Ca2+ presence on them. Collander (2) included doiubly charged cations in his studv of cation uptake by many species. Moore et al. (17) followed the uptake of Mg2+ by excised barley roots as influenced by Ca2'. Attention to interactions of several cations, however, is very limited and the interactions are not understood (6, 10) .
We have shown previously that MIg24 uptake from single-salt solutions by soybean roots is accompanied by loss of K4, Ca2, and Cl- (13) . Observations ar-e reported here on tlle 3-fold interactions among Mg2", Ca24, aind K+.
Materials and Methods
Excised Roots. Roots were obtained from soybean seedlings (Glycine i7ax L. Merr. var. Hawkeye) (13) . Briefly, seeds wrere soaked in water 6 hr, then planted on a stainless steel screen suspended over a continuously aerated 0.2 mM CaSO4 solution. The plants were grown in a dark cham-ber maintained at a temperature of 270. At the end of 4 days, the roots were excised, cut to 6- over a concentration range of 0.1 to 10 mM (Fig. 1 ).
These roots decreased in K+ and Ca2+ content with increase in Mg2+ concentration. The attained chloride level was below 1 ,ueq g'l fresh weight of roots for the 24-hr uptake at all MgCl2 concentrations.
Although the Mg2+ uptake approximates the loss of K+ plus Ca2+, we hesitate to infer that Mg2+ uptake is dependent only on an equivalent K' plus Ca2" exchange because the charge balance of K' plus Ca2, and Cl-loss is less than the Mg24 uptake for roots previously loaded with KCl (cf. Fig. 4 Fig. 2 . The solution used initially contained 10 mim MgCl, at various pH's.
The roots lost both K+ and Ca2+ at each acidity. Potassium losses were greatest under the less acid conditions. Magnesium uptake increased with increasing pH, with the greatest change occurring up to pH 5. Attempts to determine the amount of total root Ca24 necessary to induce a change in ion preference have not been, successful. The evidence points to the necessity for Ca24 in the external solution to maximize this ion: preference (5, -;.9, 12) 18), although the presence of external Ca24 does not prevent Ca24 loss from the root (13) . Anioni uptake can also be maximized by addition of Ca24 to the external solution (12, 13, 14 (Fig. 3) . A Ca24 concentration of 0.1 meq/liter was sufficient to invert the Mg24 -K+ ratio value in the root when equivalent amounts of K4 and Mg24 at a total concentration of 10 meq/liter were in the external solution. The time course of these interactions is shown in Fig. 4 . The Mg24 uptake is essentially complete within 1 hr. Likewise the loss of Ca24, presumably in exchange for Mga+, occurred during the first hr of the uptake period. Potassium uptake was positive for every sampling time in contrast to the observed loss in the absence of Ca2'. The maximum Ca24 effect near 1 meq/liter (Fig. 3) was also observed in excised barley roots for the uptake of K' (5,8), S02-4 (ii), and P03-4 (12) . (Fig. 3), (B) some clhaniges in cation content take place quickly (Fig. 4) , (C) the Cl-increases parallel those of K+ (Fig. 3) , and (D) the Mg24 accumulation stops after 1 lhr (Fig. 4) Fig. 1 (Fig. 5) . The Cl-content of the root remained below 20 meq/kg fresh weight in these experiments in which the Cl-concentration in the solution was 10 meq/liter and K4 was not an initial constituent.
Potassium at 1 meq/liter in the 10-meq/liter Ca24
Mg24 solutions strikingly shifted the root ion contents in the 24-hr experimental period (Fig. 6) . The Ca2+ contents remained essentially unaffected by the addition of KCl (cf. Fig. 5 and 6 ). The K+ and C1-contents approximately doubled over the range of 20-to 80-mole percent Ca24 in which range K4:Cl:Ca24 ratios within each experiment were relatively constant (cf. Fig. 5 and 6 ). The Mg24 content in the presence of Ca24 and K+, on the other hand, decreased about 5-fold relative to the level in the absence of K+. With a Ca2+ to Mg2' ratio of 1.0, the Ca2+ and Mg24 contents were equal in the presence of K4 (Fig. 6) , but in the absence of K+, the Mg24 content of the roots exceeded the Ca24 level by about 5-fold (Fig. 5) . In the absence of Ca24, the Mg2+ content exceeded K+ by about 2-and 5-fold ( Fig. 3 and 6 ). For the conditions represented in Fig. 6 , the roots actually lost 11 ueq/g of their initial K+ to the solution. When the Ca2" concentration in the solution was 0.1 meq/liter in the presence of 5 mm KCl + 2.5 mM MgCl1, that is, Ca24/Mg24 -0.02. the K4 and Mg2+ contents were about equal (Fig. 3) . At Ca2+/Mg24 = 0.1, the K+ exceeded Mg2+ by 7-fold (Fig. 3) .
Thus, it is evident that the predominance of K' over Mg2+ uptake by soybean roots depends on the presence of Ca24 in the external solution. Also, restricted Mg uptake depends on the presence of both K+ and Ca2+ in the external solutions. These controlling interactions appear to be exerted on the solution side of the rate-limiting barrier for uptake, which might be considered as the solution side of a limiting membrane. Time courses of adjustments to initial conditions are correspondingly rapid as shown in Fig. 4 . There is a symmetrical exchange of Ca24 and Mg24 which is essentially complete in 30 min, after which the uptake of Mg2' is very low and symmetrical with a small Ca24 loss (Fig. 4) . In this 30-min period, the rapid initial change of K' content shifts to a steady increase, that is, a constant uptake rate.
Uptake by Intact Plants. Ion uptake by intact plants is affected by growth and transport from the root to the shoot. Kinetics of uptake are best followed on initially low-salt tissue in order to maximize rates of accumulation. Soybean plants can be grown on CaSO4 solutions for about 2 weeks before mineraldeficiency symptoms appear. Roots obtained from either etiolated or green soybean plants cultivated in CaSO4, however, have relatively high salt contents compared with low-salt barley roots. The high level of K+ in the tissue is due to the high K4 content of the soybean seed.
Results in table II are for an uptake period of 24 hr from the indicated solutions for plants grown on 0.2 mm CaSO4, with the initial composition as shown in line 1 of the table. The several test solutions contained either nitrate (soln 1), nitrate + sulfate (soln 2), sulfate (soln 3), or chloride as predominant anions. The cation concentrations of both the root and shoot tissues increased by 1.2-to 2.0-fold, indicating that the plants shifted from a relatively low-to a high-salt state. Ion accumulation and transport are reflected rather than growth.
Effects of K+ + Ca2+ on restriction of Mg2+ uptake (table II) , although greatest in the root tissue, are also clearly evident in the shoot composition. The shoots, which were initially higher in Mg2+ than the roots, probably did not approach a steady state for salt accumulation in the 24-hr test period. The Ca concentrations of the roots of the intact plants were similar to the excised ones in being relatively constant in the several solutions. The Ca24 concentrations in the shoot, on the other hand, increased greatly in soln 1 '(0. Literature Cited
